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Study on Combustion Characteristics of Coals in

High Temperature Water Vapor Atmospheres

YAO Yashu, WEN Du, ZHOU Qulan, LI Na
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Abstract: A scheme of adding high temperature water vapor to the combustion system to achieve
low-nitrogen combustion is proposed to reduce NO, production during coal combustion, and its
thermodynamic calculation and experimental research are carried out. Firstly, the possibility and
limitation of the reactions in the volatile combustion process of coal after adding high temperature
water vapor are examined by theoretical calculation based on the standard molar reaction Gibbs
free energy change, the standard molar enthalpy and the equilibrium constant. Results of reaction
path speculation show that in the high temperature water vapor atmosphere, the reactions of
converting N element to N, occur in the temperature range of coal combustion. Secondly, in
reactions with various excess air coefficients, the equilibrium components after adding different
concentrations of high temperature water vapor are calculated using the software HSC Chemistry.
Results of the thermodynamic calculation show that the reaction of NO, precursor to N, happens
in a wide temperature range: when the temperature ranges from 700 to 800 and excess air

coefficient lies between 0. 6 and 0. 8, the formation of NO, significantly reduces by adding high
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temperature water vapor; Reduction rate of NO, increases with the concentration of high

temperature water vapor increasing. Eventually, the combustion characteristics of pulverized coal

in water vapor and air atmosphere are tested in a pulverized coal fixed bed combustion experiment

system. It shows that the formation of NO, is inhibited by adding high temperature water vapor

and the effect is better that the result of the thermodynamic calculation, and the NO, reduction

rate has a nonlinear relation with the water vapor concentration and the temperature. This study

may provide an economical and efficient reference solution to low NO, combustion of coal.

Keywords: coal combustion; low NO, combustion; water vapor
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1 100 —310. 400 —461. 440 8. 17X 10"
1 2HCN+20, —>2NO+2CO+H, 1 200 —313.100 —475. 140 4. 81X10%
1 300 —311. 880 —488. 780 4.35X10"
1 100 —1117. 730 —1 297. 210 3.98X 10"
2 4HCN+50, —>4NO+4CO+2H,0 1 200 —1 124. 200 —1 313.420 1. 49X 10
1 300 —1 122. 700 —1 329. 420 2. 59X 10%
1100 —906. 994 —1 111. 300 5.92X10%
3 4NH; 450, —=4NO-+6H,0 1200 —908. 956 —1 129. 790 1.51X10"
1 300 —911. 054 —1 148. 110 1.35X10%*
1100 —1 140. 610 —1 009. 240 8. 39X 10"
4 4NH; 470, —=4NO, +6H, 0 1200 —1 142. 220 —997. 224 2. 56X 10"
1300 —1 143. 870 —985. 076 3. 78X 10%
1100 —61.910 —239. 500 2.37X10"
5 2HCN+4H, 0 —>N, +2C0O, +5H, 1200 —61. 660 —255. 740 1. 36X 10"
1300 —57.670 —272. 160 8.63X10"
1100 188. 526 24. 591 6.79X10*
6 NH; +C—HCN+H, 1200 189. 564 9. 684 3.78X 107"
1300 188. 497 —5. 220 1. 62X 10°
1100 —1 811. 560 —1 876. 350 1. 26X 10%
7 ANH; +6NO —>5N, +6H,0 1200 —1 813.730 —1 882. 140 8. 51X 10"
1300 —1 815. 990 —1 887. 760 7.08X 107
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0.2 25~1 500 1.4 3.8 56 0 0
0.2 25~1 500 1.4 3.8 56 0.47 30
0.4 25~1 500 1.4 3.8 12 0 0
0.4 25~1 500 1.4 3.8 .12 0.94 30
0.6 25~1 500 1.4 3.8 4.68 0 0
0.6 25~1 500 1.4 3.8 .68 1. 40 30
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0.8 25~1 500 1.4 3.8 24 1. 87 30
1.0 25~1 500 1.4 3.8 .80 0 0
1.0 25~1 500 1.4 3.8 .80 2.34 30
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1.2 25~1 500 1.4 3.8 .36 2.81 30
9.
O OO0 o0

= r

P,

M —=-NO

A 3t ——NO,

= 2

o ——N,0

Z

NO I b %/ %
N
(=]

40}

-60

0l o N T o

800 1200 1600

400

0 400 800 1200 1600
r/°C r/C
(a)a=1.2 (b)a=1.0
20F
N ez essstomsA|
: \
o
{j 20 —--NO §_pro—o—o
%’ 40+ —NO, Caa
= —-N,0
-60f W
-14 ! L 1 ] -80 1 ! 1 1
0 400 800 1200 1600 0 400 800 1200 1600
r/C T/C
(c)a=0.8 (dD)a=0.6
- ]0 -
T \ 3 // S
P 'St sl \ W e
L A 10t oo M{//:////
Z BN I
% L ’
--NO S Sl /.//“"NO
—-—NO, e —+-NO,
—~ N0 . L ) 30 . v L _OTNZO )
0 400 800 1200 1600 0 400 800 1200 1600
T/C T/°C
(e)a=0.4
(Ha=0.2
B 1 AFEESKEBT NO, j# /> F R 0 2Rk

http: // zkxb. xjtu. edu. cn




88 [ . ]

P

R

1 52 %

DL IR SRR, Yt s SR EE 0.6~
0. 8 Z[a] I BEAE 700~ 800 °C B, 5k FH In] #8581k &
O e T K 28R T ik AT DL — e R R L
NO, #4: B, NO A gt 3l 2 590 ,NO, Fl N, O
AU 2y 1000, iR S AR B A R 2 AR E
NO, Az i H X — G5 LR R 3 Ty 22 I &R b /5 il
b SN LA G B LA R AE I
2.2 KESSEFEARFESKEEHES

ZERXER

X — TR AE b A 2 A R | 43 )
5% K ZE AR % o (H,O0) 2 0%6.30% .60%
190 Yo it NO, A B e 59 48 /b IR 3158 NO, b =R,
PRI K 28 S FE A [) I 1 4 25 SR 4 03 5 iR B 22 1)
MRFR, BREWN AR EEIRBETHER T
AL o =0. 6 B[R K ZE R & &1 NO, 3
DRI R R ME 2~F 4 s,

25
0 m
s P(H,0)/%
5 =25k
o )
2
S —30
?'éf -50L =00
S —=90 A
-75
Sttt
7100 L 1 1 1
0 400 800 1200 1600

T/°C
Bl 2 a=0.6 I AR KT B NO > 5

80

0 e,
<
¥ P(H,0)/% \
2 e e
Z —
o :)—60 o0
Z -160}

P e
—240 : . . )
0 400 300 1200 1600
T/C

Bl 3 a=0.6 B ARSI NO, 5%

40
M
§ . ﬁ;::;‘:_’fj:::gm
% (H,0)/% \
Y ——30
Q-40} ~60
Z ——90
PR
—80 1 1 L 1
0 400 800 1200 1600
T/C

B4 «=0.6 R RFE/KZEIHEZN NO bR

http: // zkxb. xjtu. edu. cn

MK 2~E 4 Al 50,24 «=0.6 i, bl & K %X
SREEAL.NONO, N, O U /b 3 24 58485 14
o R K ZE AR B I AT AR in NO, A2 1 51 6l
R RE o B AN 52 e 2 F sl il R AR B, Y o=
0.4.a=0.2 B} , R FI «=0. 6 B —FEAYRLEE

3 il K 2 A BB R
1 512 56 BF 52

3.1 SRAKEBESFZEESREETEREE RS

ARSI (1040, 1) g BEMACE T i 4 =X
Jreeb SE A AR [ S B R R K 2R SR A R TR
A AR TE 600~1 100 °C Y i BE X [] P9 4R 08 1583
W A R K S T NO, BB, 2% 58 5 iR
KRS WIMAXS NO, A B 2, il 7K 28 SR
FELHEJR o 1 28 PR S50 R GE &1 5 i .

8 9 10 11 12

/g\ __ 15 14

17 16
1A 2 B T a0t 3 L T 7 AP s 4 K ZERUR AR
5 MR AN 56 ZE MK 7 AR B IR PR 8 AR A 59 . LA
10 A3 11 AR 12 A1 9848 5 13 IRAEAL
14 VR BE 5 15 T4 5 16 Ao AT A 17 1 H 3L
5 K 28 S0 R R R [ TR S 0 R 45

30101 MEMKBRERAMAME® A% JEBRPR R
RHSCE RGBS R LR B, e
A ph e N E A N E T — BN 36 mm [
AU, i A R A A U R B (80 mm) (1 A
YRR BB B U i R (1,040, 1) g,
BT A DS ER . FA A A — i P AR R
RN 5 25 AR 2 fioh T R AR TR R e 4% 1R B — bk
SRR AR A K A Tk R
WAL ER =PI ST S EY A e NIRRT E Y E S -
3.1.2 KREAFTAEL Z M AHMKE
KRR AR E MR WK ZESIF S SR E R %
NE LY, IKRIRA R A 2 i A5 R 7 IS T
HA% 120 mm. & 50 mm A 9825 5 BT 3 4N,
H LT 7 A 5 min J5 L BARE KRS E
500 ‘C LA b, e B 3 ok <02 1) 0 o 1 S0 Y 9B A
oM 1 000 mL/min #9255 [A) B 38 23 8% 36 % 1)




12

SOME R 25« R K R SO R R AR B AR F 5T 89

TR K T A ZE AR K L TR AR SE 08 T AT R
JE & 0~0. 226 mL/min, i T /K 28K & 25 1
DY i B K AR R L KR A 2 IR L 20 26 R KRR
54 ui < AR S SR A S B A AR A
HAP o, AP IMNEE A DAL E 30 em b g LR
POHE ARUE A S0 PR TR B A TR AE 100 C L 1L DU
b7 11 4 U

JKZE S AT IR AR B S b R
600 °C 1 S AR s K 2R SRR 43 B0 30 %0, DL A
S R G S SRR A O SRR AT R T AR
FIKZES AR &= 300 mL/min, $i BEIE E
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